| INTRODUCTION
This case report describes gynecomastia in a male patient with type 1 diabetes and Graves' disease after thyroid function restoration had been achieved. Multifactorial mechanisms could be involved in the pathogenesis of breast enlargement and both thyroid function and thyroid autoimmunity may play a role.
Gynecomastia is defined as excess benign glandular growth of the breast tissue in males and it can be a physiologic or nonphysiologic condition. 1, 2 Physiologic gynecomastia is common in newborns, adolescents, and older men; it occurs in up to 25% of patients and is self-limited. No definitive cause is identifiable in another 25% of cases. In the remaining half of affected subjects, several conditions and drugs may induce proliferation of male breast tissue. [1] [2] [3] [4] True gynecomastia (enlargement of the glandular tissue) is often caused by an imbalance between the stimulatory effect of estrogen and the inhibitory effect of androgens at the breast tissue level, 4 as a consequence of different endocrine disorders. 1, 4 An association between gynecomastia and thyroid dysfunction is uncommon, but has been well-documented especially in hyperthyroidism. 1 Thyroid hormones enhance the estrogen/androgen ratio by 2 main mechanisms: first, by direct stimulation of peripheral aromatase and thereby estrogen production, and secondly, by increasing hepatic SHBG synthesis. 5 A relationship between autoimmune thyroid disease (ATD) and type 1 diabetes mellitus (T1DM) has also been described [6] [7] [8] ; however, gynecomastia in diabetic patients with ATD has not been previously reported.
We describe a male patient with type 1 diabetes (T1D) who presented with gynaecomastia 3 months after starting methimazole treatment for Graves' disease, when euthyroidism restoration had been achieved.
| CASE REPORT
A 33-year-old subject, diagnosed with T1D at the age of 13 years, was seen in our out-patient clinic in February 2017 for a routine follow-up. At clinical evaluation, his general medical condition was good, moreover the patient had lost 3 kg body weight and his heart rate was 78 bpm. A physical examination confirmed the absence of goiter, hand tremors, exophthalmos, lid retraction, insomnia, palpitations, or other symptoms of hyperthyroidism. No abnormal breast changes were noted, no associated autoimmune diseases were detected at T1D diagnosis or during the routine diabetes follow-up. His laboratory investigations (Table 1 ) revealed high levels of free thyroxine (FT4) with a suppressed thyroid-stimulating hormone (TSH) level (FT4 33.5 pmol/L, nv 10.3-24.4; FT3 8.7 pmol/L, nv 2.7-6.4; TSH 0.004 mUI/L, nv 0.04-0.4), anti-TSH receptor antibody positivity (2.7 U/L, nv < 1.75) and anti-Tg-A and anti-TPO negativity. An ultrasound revealed a thyroid hypoechogenicity, without nodularity. Based on his symptoms, signs, and laboratory results, a diagnosis of Graves' disease was made and 20 mg of methimazole was prescribed 3 times daily.
Two months later, the patient's thyroid hormone values improved (FT4 15.0 pmol/L, nv 9.0-23.8; FT3 4.8 pmol/L, nv 3.1-6.6); but the TSH level remained suppressed (TSH <0.01 mcU/mL, nv 0.25-5). Thus, the methimazole dose was reduced to 15 mg 3 times daily (Table 1) .
At the patient's 3 month follow-up, he reported bilateral enlargement of his breasts (left more than right) that had started 15 days prior to the visit, without secretion from his nipples or signs of local inflammation.
The patient experienced limited swelling of the areola some days before developing visible gynecomastia. Ultrasonography confirmed gynecomastia. He denied a history of erectile dysfunction, decreased libido, breast manipulation, drug ingestion, or use of medications including oral contraceptive pills and other medications. A hormone panel showed a decreased FT4 level (10.0 pmol/L, nv 10.3-24.4) and an initial TSH increase (0.019 mUI/L, nv 0.04-0.4); therefore, the methimazole dose was further reduced to 10 mg twice daily (Table 1) .
To investigate the causes of gynecomastia, plasma prolactin, plasma concentrations of sex hormone levels (including estradiol, testosteron, DHEA, DHEA sulfate, LH, and FSH hormones), sex hormone-binding globulin, creatinine level, tumoral markers (carcinoembryonic antigen, alphafetoprotein, cancer antigens 19-9 and 125, beta-human chorionic gonadotropin), renal and hepatic parameters were measured and the results were normal, as shown in Table 2 . Kidney and liver functions were preserved. Additionally, the patient was submitted to testicular, breast, and abdominal ultrasound, with normal results.
At 5 months' follow-up, increased TSH values (6.34 mcU/mL, nv 0.25-5.00) and decreased FT4 (FT4 8.0 pmol/L, nv 9.0-23.8), were recorded. In parallel, an initial reduction of the gynecomastia was noted. The methimazole dose was again reduced to 5 mg daily (Table 1) 4.2 pmol/L, nv 3.1-6.6) and the gynaecomastia had disappeared. The methimazole dose was reduced to 2.5 mg daily (Table 1) . At 9 months' follow-up, the patient was in great general condition, maintaining a euthyroid state; consequently methimazole therapy was stopped ( Table 1) . The patient's thyroid hormonal status and therapies during follow-up are summarized in Table 1 .
| DISCUSSION
Gynacomastia is the most common disorder of the male breast. 1, 4 Interrelationships between thyroid alterations and gynecomastia have been reported and extend to both hypothyroidism and hyperthyroidism. Hypothyroid men have reduced testosterone secretion 9 and often develop hyperprolactinemia. Whereas, hyperthyroidism is associated with increased peripheral conversion of androgens to estrogens and increased serum SHBG levels, which leads to decreased serum free testosterone. 10, 11 Elevated serum levels of progesterone have also been reported in hyperthyroid men, 12 although the biological significance of this observation and its relation to gynecomastia remain to be further evaluated.
Ten to 40% of men with thyrotoxicosis may develop gynecomastia that resolves with correction of the hyperthyroid state. 13 To the best of our knowledge, this is the first report of a case of gynecomastia in a diabetic patient with Graves' disease, in which the breast enlargement did not appear at the onset of hyperthyoridism, but rather after starting treatment with methimazole, when thyroid function restoration had already been achieved.
Gynecomastia is uncommon in type 1 diabetes. Hunfeld et al 14, 15 reported 2 cases of diabetics suffering from gynecomastia with a marked inflammatory reaction, in which the lesion was interpreted as a diabetes-induced autoimmune reaction of the breast. Devoto et al, 16 described 2 patients with T1DM with chronic poor glycemic control and in a generally compromised nutritional state who developed gynecomastia after achieving glycemic restoration. In our case, the gynecomastia was not associated with inflammatory signs or a compromised nutritional status and it appeared during a phase of euthyroidism restoration. Due to the normal levels of sexual hormones at the gynecomastia onset, a direct effect of thyroid hormone increasing the estrogen/androgen ratio was unlikely. Nevertheless, it is likely that there is no singular mechanism explaining the interaction between thyroid hormone and estrogen, but that there are multiple points of overlap in their signaling pathways, such as similar downstream signaling pathways and heteromeric nature of steroid hormone receptors, 17 for this reason an imbalance between the effects of estrogen stimulation and androgen inhibition on the breast tissue during the phases of the thyroid disfunction should be considered. 18 On the other hand, the gynecomastia improvement was also associated with decreases in the anti-TSH receptor titer. In the literature, the association between breast diseases and thyroid autoantibodies has been reported, [19] [20] [21] therefore, even though gynecomastia is described also in toxic multinodular goiter, 22 ,23 a causative role of thyroid autoantibodies should not be overlooked.
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Gynecomastia may also arise following the assumption of certain medications, or as a result of chronic kidney or liver diseases. 4 Drugs that have been definitely associated with the onset of gynecomastia include spironolactone, cimetidine, ketoconazole, hGH, estrogens, hCG, anti-androgens, GnRH analogs, and 5-α reductase inhibitors. Medications probably associated with gynecomastia include risperidone, verapamil, nifedipine, omeprazole, alkylating agents, HIV medications, anabolic steroids, alcohol, and opioids. 25 Men with chronic renal and liver failure also have raised estradiol and lowered testosterone concentrations which is sufficient for the development of gynaecomastia. Changes in circulating hormones are complex and affected by a combination of factors, including production, transport, and conjugation. In this report, drug assumption, chronic renal, and hepatic failure were excluded, so it seems reasonable to propose a relationship between the thyorid dysfunction and gynaecomastia in this patient. Because certain diseases of the breast are more closely associated with autoimmune thyroid phenomena (e.g. breast cancer), 19, 21 whereas other diseases of the breast are associated with a hyperthyroid etiology (e.g. gynecomastia), [1] [2] [3] 13 it remains unclear whether the autoimmune nature of thyroid disorders or simply the hyperthyroid state effects pathological breast changes.
In conclusion, this case report demonstrated that gynecomastia may appear during hyperthyrodism treatment in diabetic patients with Graves' disease. Multifactorial 
